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(54) AIR-FUEL RATIO CONTROL DEVICE OF INTERNAL COMBUSTION ENGINE 

(57)Abstract 

PURPOSE: To enhance the control accuracy by judging the current 
control region of the valve timing and/or valve lift selecting the 
corresponding upper limit guard value, and restricting the measured 
intake air amount or control fuel supply amount in conformity to the 
upper limit guard value. 

CONSTITUTION: The valve timing and/or valve lift is controlled in 
accordance with the operating condition of an internal combustion 
engine Ml. The fuel supply amount to the engine Ml is controlled by 
a fuel supply amount control means M3 on the basis of the 
measuring result given by an intake air amount measuring means 
M2. Therein the upper limit guard values are stored by a guard value 
memory means M4 in each pre-divided control region of the valve 
timing and/or lift. An upper limit guard means M5 judges the current 
control region of the valve timing and/or lift and selects the 
corresponding upper limit guard value, and also restricts the 
measured intake air amount or control fuel supply amount in 
accordance with the upper limit guard value. 
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(54) Title of the Invention: 

AIR-FUEL RATIO CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57) ABSTRACT 

Objective: 

To set an appropriate upper limit guard/restriction value according to intake timing, and 
to realize fuel-ratio control with high accuracy. 

Construction: 

In order to store an upper limit guard/restriction value GNMAX per intake timing in four 
levels controlled by a VVT, to calculate the upper limit guard/restriction value GNMAX 
according to the current intake timing and to restrict measured air mass GNp, measured 
by a thermal type AFM according to the upper guard/restriction value GNMAX; when 



1 



the filling efficiency of an internal combustion engine 1 is changed in accompaniment 
with the change of intake timing and a maximum value of actual intake air mass GNa 
varies, it is possible to set an appropriate upper limit guard/restriction value GNMAX 
accordingly, to obtain accurate measured air mass GNf}. 
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What is claimed is: 

1. A fuel-ratio controller for an internal combustion engine, wherein, in a fuel-ratio 
controller for an internal combustion engine to control valve timing and/or valve lift 
according to an operating state of the internal combustion engine, and for controlling the 
fuel supply to the internal combustion engine by a fuel supply control means based on 
intake air mass measured by an intake air mass measuring means, the fuel-ratio controller 
for the internal combustion engine is provided with a guard/restriction value memory 
means to store an upper limit guard/restriction value per pre-classified control stage of 
the valve timing and/or the valve lift, and, an upper limit guard/restriction means to 
determine the current control stage of the valve timing and/or the valve lift, to select a 
corresponding upper guard/restriction value, and to restrict the intake air mass measured 
by the intake air mass measuring means or a fuel supply controlled by the fuel supply 
control means according to the upper limit guard/restriction value. 



DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

Industrial Field: 

The present invention relates to a fuel-ratio controller for an internal combustion engine 
to control a fuel supply based on the intake air mass of the internal combustion engine 
measured by a heat-ray airflow meter (hereafter, simply referred to as "thermal type 
AFM"). 

[0002] 

Prior art: 

As a sensor to measure the intake air mass of the internal combustion engine, reference is 
made to a thermal type AFM that conducts electricity by establishing a heat ray within an 
intake path and calculates the intake air mass based on changes in resistance when the 
heat ray is cooled down by the intake air. Since direct flow and a back flow of the intake 
air cannot be discriminated in principle in this thermal type AFM, the intake air mass is 
excessively measured when back flow is generated. 

[0003] 

Fig. 6 is an explanatory chart showing the characteristics of the intake air mass per 
revolution relative to the degree of throttle opening in the conventional fuel-ratio 
controller for an internal combustion engine. 

[0004] 
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In other words, as shown with a solid line in the chart, the intake air mass GNa per 
revolution of the internal combustion engine rapidly increases in a region where the 
degree of the throttle valve opening is small, and a constant value is maintained in the 
region greater than this. As is well known, the intake air is supplied to the combustion 
engine while pulsating, and when the degree of throttle opening increases, the pulsation 
amplitude may increase and back flow of the intake air may be generated^ Since back 
flow is measured in a manner similar to direct flow by the thermal type AFM, as shown 
by the two-dot chain line in the chart, the measured air mass GNp is increased compared 
to the actual intake air mass GNa, and the excessive fuel supply is calculated, and the 
fuel-ratio becomes disturbed to the 'rich 1 side (the region indicated with A in the chart). 

[0005] 

Fig. 7 is an explanatory table showing a map for calculating the upper limit 
guard/restriction value of the conventional air-fuel ratio controller for an internal 
combustion engine. 

[0006] 

As shown in Figs. 6 and 7, an upper limit guard/restriction value GNMAX is set per 
combustion revolution stage as a slightly greater value compared to a pre-obtained 
maximum value of the actual intake air mass GNa, and measured air mass GNp over the 
upper guard/restriction value GNMAX is regarded as excessive measurement due to back 
flow, and the measured air mass GNp is processed to restrict to the upper 
guard/restriction value GNMAX. 

[0007] 

Problem Resolution Means: 

In recent years, aiming at realizing a higher power of the internal combustion engine, and 
improved medium/low speed torque and idling stability, practical use has been made of 
technologies to control the valve timing and the valve lift in the combustion engine, such 
as a variable timing system (hereafter, simply referred to as "VVT"). 

[0008] 

Fig. 8 is a time chart showing the control state of the intake timing by the WT in a 
conventional fuel-ratio controller for an internal combustion engine. 

[0009] 

In the VVT\ the phase of the intake-side camshaft relative to the crank shaft according to 
the number of combustion revolutions and the load state, the intake timing 
(opening/closing timing of the intake valve) is controlled. For example, in the high rpm 
stage of the combustion engine, as shown in the left side of the chart, the intake timing is 
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advanced to "ABDC20 o CA t ' (indicated hereafter with the closing timing of the intake 
valve), and high power is achieved when the overlap of intake and exhaust is maximum. 
Further, in the low rpm stage including idling, as shown in the right side, [the intake 
timing] is delayed to "ABDCl 10 o CA", achieving improved medium/low speed torque 
and idling stability, and in the intermediate revolution stage, as shown in the center of the 
chart, is controlled to "ABDC40°CA". 

[0010] 

However, when the intake timing is changed by the WT, the intake air filling efficiency 
is also changed, so the maximum value of the actual intake air mass GNa in R > 6 shown 
in Fig. 6 [sic] also varies. Therefore, the upper guard/restriction value GNMAX may be 
inappropriate depending upon the intake timing control state, with the deficiency that 
excessive measurement of the measured air mass GNp cannot be fully prevented, or the 
measured air mass GNP may be excessively restricted. 

[0011] 

The objective of the present invention is to provide a fuel-ratio controller for an internal 
combustion engine where an appropriate upper limit guard/restriction value is set even if 
the intake timing is changed, and fuel-ratio control can be realized with high accuracy. 

[0012] 

Problem Resolution Means: 

In a fuel-ratio controller for an internal combustion engine to control the valve timing 
and/or the valve lift according to the operating state of an internal combustion engine Ml; 
and concurrently to control the fuel supply to the internal combustion engine Ml by the 
fuel supply control means M3 based on the intake air mass measured by an intake air 
mass measuring means M2; the fuel-ratio controller for the internal combustion engine 
relating to the present invention, as shown in Fig. 1, is provided with a guard/restriction 
value memory means M4 to store an upper guard/restriction value per pre-classified 
control stage of the valve timing and/or the valve lift, and an upper limit guard/restriction 
means M5 to determine a current control stage of the valve timing and/or valve lift, to 
select a corresponding upper guard/restriction value, and to restrict the intake air mass to 
be measured by the intake air mass measuring means M2 or the fuel supply to be 
controlled by the fuel supply control means M3 according to the upper limit 
guard/restriction value. 

[0013] 

Operation: 

In the present invention, the upper guard/restriction value is selected by the upper 
guard/restriction means M5 from the guard/restriction value memory means M4 
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according to the current control stage of the valve timing or the valve lift, and the intake 
air mass [measured] by the intake air mass measuring means M2 or the fuel supply 
[controlled] by the fuel supply control means M3 is restricted according to the upper limit 
guard/restriction value, preventing excessive measurement by the intake air mass 
measuring means M2 due to the back flow of the intake air. 

[0014] 

Because the upper limit guard/restriction value is selected according to the control stage 
of the valve timing or the valve lift, when the filling efficiency of the internal combustion 
engine Ml is changed in accompaniment with the change of the valve timing or the valve 
lift and the maximum value of the intake air mass varies, it is possible to accordingly set 
an appropriate upper limit guard/restriction value and to always obtain accurate intake air 
mass or fiiel supply. 

[0015] 

Embodiment: 

The fuel-ratio controller for the internal combustion engine in an embodiment of the 
present invention is described hereafter. 

[0016] 

Fig. 2 is an overall block diagram showing the fuel-ratio controller for the internal 
combustion engine, in an embodiment of the present invention. 

[0017] 

As shown in the diagram, internal combustion engine 1 in the present embodiment is 
constructed as a double overhead camshaft (DOHC) equipped with a pair of intake-side 
and exhaust-side camshafts 2a and 2b. An intake path 3 of the internal combustion 
engine 1 communicates with combustion chamber 5 via an intake valve 4a, and an air 
cleaner 6, a thermal type AFM 7 to measure the intake air mass, a throttle valve 8 to 
adjust the intake air mass and a fuel injection valve (injector) 9 to inject fuel into the 
intake air are established from the upstream side. Further, an exhaust path 10 of the 
internal combustion engine 1 communicates with the combustion chamber 5 via the 
exhaust valve 4b, and an un-shown three-way catalyst and silencer are established 
downstream. 

[0018] 

The intake-side camshaft 2a and the exhaust-side camshaft 2b are driven by a crank shaft 
1 1 via an un-shown timing belt, and opening/closing of the intake valve 4a and the 
exhaust valve 4b is driven in accompaniment with the revolution, respectively. The 
intake-side camshaft 2a is provided with a VVT 12 (variable valve timing system), by 
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which the the phase of the intake-side camshaft 2a relative to the crank shaft 1 1 is 
changed. 

[0019] 

The thermal type AFM 7, the fuel injection valve 9 and the VVT 12 are connected to an 
electronic control unit (referred to hereafter as "ECU' 1 ) 21 to control the internal 
combustion engine 1; and a crank angle sensor 22 to transmit the pulse at a 
predetermined cycle in accompaniment with the revolution of the crank shaft 1 1 is 
concurrently connected to the ECU 21. 

[0020] 

Fig. 3 is an explanatory table showing a map for calculating the upper limit 
guard/restriction value of the fuel-ratio controller for the internal combustion engine, in 
an embodiment of the present invention. 

[0021] 

The ECU 21 drives the VVT 12 according to the number of combustion revolutions Ne 
calculated from the pulse of the crank angle sensor 22 and the intake negative pressure 
detected by an un-shown intake pressure sensor, changes the phase of the intake-side 
camshaft 2a and controls the intake timing. As shown in the table, in the present 
embodiment, the intake timing is controlled in four levels, ABDC20°CA, 50°CA, 80°CA 
and 1 10°CA (all indicated with the closing timing of the intake valve 4a), and for 
example, in the high rpm stage of the internal combustion engine 1, the intake timing is 
controlled to be a smaller value and the overlap is increased, and in the low rpm stage, 
the intake timing is controlled to be a greater value and the overlap is lessened. 

[0022] 

Further, the ECU 21 calculates the intake air mass Qa from the output voltage V of the 
thermal type AFM 7, and also calculates the fuel injection quantity TAU based on the 
intake air mass Qa and the number of combustion revolutions Ne. The calculation 
processing for this fuel injection quantity TAU is described in detail hereafter. 

[0023] 

Fig. 4 is a flowchart showing a fuel injection quantity calculation routine to be executed 
by the ECU of the fuel-ratio controller for the internal combustion engine, in an 
embodiment of the present invention, and Fig. 5 is an explanatory chart showing the 
setting state of the upper limit guard/restriction value relative to the intake air mass of the 
fuel-ratio controller for the internal combustion engine, in an embodiment of the present 
invention. 

[0024] 
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Furthermore, as explained in the section of Prior Art, if the intake timing is changed by 
the VVT 12, the filling efficiency of the internal combustion engine 1 is also changed, so 
as shown in Fig. 5, the actual intake air mass GNa (indicated with a solid line) and the 
measured air mass GNp (indicated with a two-dot chain line) measured by the thermal 
type AFM 7 vary in four levels. 

[0025] 

The routine shown in the flowchart is executed when it called with a main routine for 
controlling the internal combustion engine 1. The ECU 21 captures the output voltage V 
of the thermal AFM 7 in Step SI, and calculates the intake air mass Qa at that point 
according to the output voltage V based on the map pre-stored in an un-shown ROM. 
Next, a total sum £Qa of the intake air mass Qa is subtracted by the number of 
combustion revolutions Ne and averaged, and the measured air mass before correction 
GNy per revolution is obtained. In addition, a correction factor KFLC is added to the 
measured air mass before correction GNy, and the measured air mass GNp is obtained in 
Step S3. As is well known, this correction factor KFLC is for correcting the decline (the 
region indicated with B in Fig. 5) of the measured air mass GNp due to the characteristics 
of the thermal type AFM 7. 

[0026] 

Subsequently, the ECU 21 captures the number of combustion revolutions Ne and the 
current intake timing in Step S4, and calculates the upper limit guard/restriction value 
GNMAX by following the map shown in Fig. 3, which is stored in the ROM, according 
to the number of combustion revolutions Ne and the intake timing. The other words, in 
this map shown in Fig. 3, the upper limit guard/restriction value GNMAX is set per 
intake timing in four levels controlled by the VVT 12 as shown in Fig. 5, and the upper 
limit guard/restriction GNMAX corresponding to the intake timing at that point is 
calculated in Step S5. 

[0027] 

Next, whether or not the measured air mass GNp is the upper limit guard/restriction value 
GNMAX (GNP > GNMAX) is determined in Step S6, and when it is equal to the upper 
limit guard/restriction value GNMAX or greater, the measured air mass GNp is restricted 
to the upper limit guard/restriction value GNMAX in Step S7, and [the routine] is shifted 
to Step S8. Further, when the measured air mass GNp is less than the upper limit 
guard/restriction value GNMAX, [the routine] is directly shifted to Step S8. In addition, 
the measured air mass GNp is multiplied by a correction factor KTp and a basic fuel 
injection quantity Tp is obtained in Step S8, and the basic fuel injection quantity Tp is 
multiplied by a total value FTOTAL of various correction factors and a final fuel 
injection quantity TAU is obtained in Step S9. The injection quantity of the fuel injection 
valve 9 is controlled by the ECU 21 based on the calculated fuel injection quantity TAU, 
and the internal combustion engine is driven. 
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[0028] 



Because the upper limit guard/restriction value GNMAX is calculated according to the 
intake timing, when the filling efficiency of the internal combustion engine 1 is changed 
in accompaniment with the change of the intake timing and the actual intake air mass 
GNa varies, an appropriate upper limit guard/restriction value GNMAX is set 
accordingly. Therefore, an occurrence where the upper limit guard/restriction value 
GNMAX is excessively set and the excessive measurement of the measured air mass 
GNp cannot be fully prevented, or reversely, where the upper limit guard/restriction value 
GNMAX is under-set and the measured air mass GNp is excessively restricted can be 
prevented, and it is possible to always obtain accurate measured air mass GNp. 

[0029] 

In addition, since only the upper limit guard/testriction value GNMAX to be applied 
according to the intake timing is changed; it can be realized with a simple control. 

[0030] 

As described, in the present embodiment, the internal combustion engine 1 functions as 
the internal combustion engine Ml; the thermal type AFM 7 functions as the intake air 
mass measuring means M2; the ECU 21 to execute the processing in Steps S8 and S9 
functions as the fuel supply control means M3; the ROM functions as the 
guard/restriction value memory means M4; and the ECU 21 to execute the processing in 
Step S4 through Step S7 functions as the upper limit guard/restriction means M5. 

[0031] 

As described, the fuel-ratio controller for the internal combustion engine in the present 
embodiment is provided with the ROM to store the upper guard/restriction value 
GNMAX per intake timing in four levels controlled by the VVT 12, and the ECU 21 to 
determine the intake timing, to select the corresponding upper limit guard/restriction 
value and to restrict the measured air mass GNp measured by the thermal type AFM 7 
according to the upper limit guard/restriction value GNMAX. 

[0032] 

Therefore, the appropriate upper limit guard/restriction value GNMAX according to the 
intake timing is set and the accurate measured air mass GNp can be always obtained, and 
the fuel-ratio control can be realized with high accuracy, with a simple control only to 
change the upper limit guard/restriction value to be applied according to the intake timing, 
and it can be manufactured at low cost. 

[0033] 



9 



In the embodiment, a fuel-ratio controller to be applied to the internal combustion engine 
1 to control the intake timing by the WT 12 is realized. However, as long as the internal 
combustion engine where the filling efficiency is changed due to the change of the valve 
timing and/or the valve lift and the intake air mass GNa varies, the application subject 
will not be limited. Therefore, for example, it is also possible to apply to another type of 
internal combustion engine where valves are driven by selectively using multiple cams 
with different configurations established in camshafts and the valve timing and the valve 
lift are simultaneously changed. 

[0034] . 

Further, in the embodiment, the measured air mass GNp measured by the thermal type 
AFM 7 is restricted according to the upper limit guard/restriction value GNMAX. 
However the present invention is not limited to this embodiment, and another 
embodiment is acceptable as long as it can prevent excessive measurement by the thermal 
type AFM from affecting the fuel injection quantity TAU, which is a final control 
quantity. Therefore, it is also possible to restrict the basic fuel injection quantity Tp and 
die fuel injection quantity TAU calculated based on the measured air mass GNp 
according to the upper limit guard/restriction value, and to prevent the effect of excessive 
measurement. 

[0035] 

Efficacy of the Invention: 

With the fuel-ratio controller for the internal combustion engine of the present invention, 
the upper limit guard/restriction value is selected from the guard/restriction value 
memory means according to the current control region of the valve timing or the valve 
lift; and the appropriate upper limit guard/restriction value is set according to the valve 
timing or the valve lift; accurate intake air mass and fuel supply can always be obtained; 
and fuel-ratio control can be realized with high accuracy. 



10 



BRIEF DESCRIPTION OF DRAWING 



Fig. 1 is a claim corresponding diagram showing the conceptual details of an embodiment 
of the present invention. 

Fig. 2 is an overall block diagram showing the fuel-ratio controller for the internal 
combustion engine, in an embodiment of the present invention. 

Fig. 3 is an explanatory table showing the map for calculating the upper limit 
guard/restriction value for the fuel-ratio controller for the internal combustion engine, in 
an embodiment of the present invention. 

Fig. 4 is a flowchart showing the fuel injection quantity calculating routine to be executed 
by the ECU in the fuel-ratio controller for the internal combustion engine, in an 
embodiment of the present invention. 

Fig. 5 is an explanatory chart showing the setting state of the upper limit guard/restriction 
value for the fuel-ratio controller for the internal combustion eng;ine, in an embodiment of 
the present invention. 

Fig. 6 is an explanatory chart showing the characteristics of the intake air mass per 
revolution relative to the degree of throttle opening in the conventional fuel-ratio 
controller for an internal combustion engine. 

Fig. 7 is an explanatory table showing the map for calculating the upper limit 
guard/restriction value for the conventional fuel-ratio controller for an internal 
combustion engine. 

Fig. 8 is a time chart showing the control state of the intake timing by the WT of the 
conventional fuel-ratio controller for an infernal combustion engine. 

Description of symbols: 

1 internal combustion engine 

7 thermal type AFM 

21 ECU 

M 1 internal combustion engine 

M2 intake air mass measuring means 

M3 fuel supply control means 

M4 guard/restriction value memory means 

M5 upper limit guard/restriction means 
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Fig. 1 
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Fig. 3 





X"" ;'W ; e (rpn) \^;>:- *;}; 


800 


1000 


1200 


2000 


3200 


4800 


6000 


u 

0) 

;.. 7? 

••.3';- 

.:<Q*. : .; 


;ABDC 110 


1.17: 


i. 19 


1.20; 


1.21 


i.2i 


i:|| 


1:24 




1*20: 


U22 


J.2| 


;i.29: 




;i:.'27=. 


{li;2J:; 


>B0< ; ; 50 


L2?j 




; ! 1|;36L 








•t. : |7l 








iH 











12 




Fig. 7 
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Fig. 5 
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Fig. 6 
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